The Effect of Green Facades in Landscape Ecology  by Elgizawy, Ebtesam M.
 Procedia Environmental Sciences  34 ( 2016 )  119 – 130 
1878-0296 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of IEREK, International experts for Research Enrichment and Knowledge Exchange
doi: 10.1016/j.proenv.2016.04.012 
Available online at www.sciencedirect.com
ScienceDirect
,PSURYLQJ6XVWDLQDELOLW\&RQFHSWLQ'HYHORSLQJ&RXQWULHV
7KH(IIHFWRI*UHHQ)DFDGHVLQ/DQGVFDSH(FRORJ\
(%7(6$00(/*,=$:<3K'
Faculty of Fine Arts, HELWAN University 
CAIRO 11311-11668, Egypt 
$EVWUDFW
7KHUDSLGLQFUHDVHUDWHRIXUEDQSRSXODWLRQLQGHYHORSLQJFLWLHVFDXVHVWKHLQFUHDVLQJRIKLJKEXLOGLQJVZLWKGHQVHFRQVWUXFWLRQV
DQGGHFUHDVHV WKHJUHHQDUHDVZKLFK OHDG WRD ORWRIHQYLURQPHQWDOSUREOHPV7KHUHIRUH WKHXUEDQ ODQGVFDSHGHVLJQVGLUHFWHG
GLIIHUHQWVHDUFKLQJSURGXFHLPSRUWDQWDSSURDFKHVEDVHGRQHFRORJLFDODQGHQYLURQPHQWDODVSHFWVVXFKDV9HUWLFDO*DUGHQ7KLV
SDSHUZLOOGLVSOD\WKHPHDQLQJWKHDGYDQWDJHVDQGWKHWHFKQLTXHVRIWKHJUHHQIDFDGHVDVDSDUWRIWKHVXVWDLQDELOLW\VWUDWHJ\IRU
WKHXUEDQHQYLURQPHQW7KHUHVXOWVFRQILUPWKDWWKHH[SHULHQFHRIXVLQJWKH*UHHQIDFDGHVLQEXLOGLQJHQYLURQPHQWLVWKHVRXUFH
RISRVLWLYHHFRORJLFDOEHQHILWV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI,(5(.,QWHUQDWLRQDOH[SHUWVIRU5HVHDUFK(QULFKPHQWDQG.QRZOHGJH([FKDQJH
Keywords:9HUWLFDO*DUGHQ*UHHQ)DFDGHV*UHHQ6\VWHPV/DQGVFDSH(FRORJ\*UHHQ:DOOV
,QWURGXFWLRQ
)RU PDQ\ UHDVRQV HFRORJLFDO ODQGVFDSH WRGD\ LV SURGXFLQJ DQ LPSRUWDQW DQG LQWHUHVWLQJ DSSURDFK EHWZHHQ
DUFKLWHFWXUHDQGWKHHQYLURQPHQW,WFUHDWHVDULFKHUHFRV\VWHPHQKDQFHVELRGLYHUVLW\LPSURYHVPHQWDOKHDOWKDQG
DOOHYLDWHVVRPHRIWKHHQYLURQPHQWDOH[WHUQDOL]DWLRQJHQHUDWHGE\XUEDQDUHDVLQFOXGLQJSROOXWLRQUXQRIIDQGKHDW
LVODQGHIIHFWV:LWKLQ WKHFKDOOHQJHVRI HQHUJ\FULVLV DQGFOLPDWHFKDQJHV ODQGVFDSHGHVLJQHUV VWDUWHG WRGHYHORS
QHZDSSURDFKHVWRDGGUHVVWKHFRVWRIHQHUJ\GHPDQGVLQHQYLURQPHQWVDQGXUEDQDUHDV2QHRIWKHVHDSSURDFKHVLV
9HUWLFDO*DUGHQVZKLFKVWDUWHGWRWDNHDQLPSRUWDQWSODFHLQWKHUHFHQW\HDUV


&RUUHVSRQGLQJDXWKRU7HO
E-mail address: Ebtsam_elgizawy@yahoo.com 
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of IEREK, International experts for Research Enrichment and Knowledge Exchange
120   Ebtesam M. Elgizawy /  Procedia Environmental Sciences  34 ( 2016 )  119 – 130 
9HUWLFDO*DUGHQRU9HUWLFDOJUHHQLQJZLWKLWVW\SHV*UHHQIDFDGHVDQG*UHHQOLYLQJZDOOVFDQSURYLGHDFRROLQJ
SRWHQWLDORQWKHEXLOGLQJVXUIDFHLWGHFUHDVHVWKHHQHUJ\FRQVXPSWLRQE\LQFUHDVLQJEXLOGLQJVWKHUPDOSHUIRUPDQFH
GHFUHDVHVWKHXUEDQKHDWLVODQGHIIHFWLQFUHDVHVWKHLQWHULRUDLUTXDOLW\GHFUHDVHVWKHQRLVHSROOXWLRQ>@,WLPSURYHV
KDELWDWDQGELRGLYHUVLW\LWNHHSVWKHQDWXUDOODQGVFDSHSURFHVVHVRULJLQDOLWFUHDWHVKHDOWK\HQYLURQPHQWLWSURYLGHV
DVDWLVIDFWRU\FRQQHFWLRQEHWZHHQQDWXUHDQGSHUFHSWLRQRIWKHVLWHV>@
$ JUHHQ IDFDGH WKH IDPRXV W\SH RI 9HUWLFDO JUHHQLQJ KDV DGYDQWDJHV QRW RQO\ DQ DFWLYH FRQWULEXWLRQ WR
HQYLURQPHQWDODQGQDWXUHLV WREHDVVLJQHGEXWDOVRIRUEXLOGLQJORQJWHUPFDQORZHURSHUDWLQJFRVWV,QDGGLWLRQ
*UHHQIDFDGHLQODUJHU&RPPHUFLDODUHDVRISDUWLFXODULPSRUWDQFHVLQFHLWLVWKHORFDOFOLPDWHRIDVPDOOVHWWOHPHQW
DUHD DIIHFWPDWHULDOO\+HUH WKHVH JUHHQ IRUPV DUH HVVHQWLDO IRU GXVW FRQWURO IRU KXPLGLILFDWLRQ DQG WKH FROG DLU
JHQHUDWLRQDQGKHQFHWRWKHSURPRWLRQRIKXPDQ+HDOWK7KH\KDYHWKHUHIRUHOLNHDJUHHQURRI WKHIXQFWLRQRID
ORFDOQDWXUDODLUFRQGLWLRQLQJ$VPDQ\SRWHQWLDOVDQGRSSRUWXQLWLHVDUHDOUHDG\YLVLEOHLVWKHVXEMHFWDFORVHUORRN
LQWHUPVRIDQHFRORJLFDOIXWXUHYDOXH
0DLQW\SHVRIYHUWLFDOJDUGHQ
9HUWLFDO*DUGHQFDQEHGLYLGHGLQWRWZRPDMRUFDWHJRULHV*UHHQ)DFDGHVDQG*UHHQ/LYLQJ:DOOV)LJ*UHHQ
IDFDGHV DUH PDGH XS RI FOLPELQJ SODQWV HLWKHU JURZLQJ GLUHFWO\ RQ D ZDOO RU LQ VSHFLDOO\ GHVLJQHG VXSSRUWLQJ
VWUXFWXUHV2QWKHRWKHUKDQGLQDJUHHQOLYLQJZDOOWKHPRGXODUSDQHOVDUHRIWHQFRPSULVHGRISRO\SURS\OHQHSODVWLF
FRQWDLQHUVLUULJDWLRQV\VWHPVDJURZLQJPHGLXPDQGYHJHWDWLRQ>@>@
7KH SXUSRVHV RI*UHHQ )DFDGHV DQG*UHHQ/LYLQJ:DOO¶V FRQVWUXFWLRQ DUH YHU\PXFK LQ DFFRUGDQFHZLWK RQH
DQRWKHU GLVWLQFWLRQV H[LVW EHWZHHQ WKH WZR PHWKRGV ZKLFK GLFWDWH WKH YLDELOLW\ RI HDFK V\VWHP W\SH DQG PXVW
WKHUHIRUHEHWDNHQLQWRFRQVLGHUDWLRQZKHQDWWHPSWLQJWRVHOHFWWKHDSSURSULDWHPHWKRGVIRUDSSOLFDWLRQ




)LJ7\SHVRIYHUWLFDOJDUGHQ
2.1. Green Facades 
*UHHQIDFDGHVDUHDW\SHRI9HUWLFDO*DUGHQV\VWHPLQZKLFKFOLPELQJSODQWVRUFDVFDGLQJJURXQGFRYHUVDUH
WUDLQHG WRFRYHUVSHFLDOO\GHVLJQHGWRVXSSRUWVWUXFWXUHV7KHSODQWVDUHHLWKHUJURZQLQ WKHJURXQGRU LQHOHYDWHG
FRQWDLQHUVZKHUHWKH\DUHZDWHUHGDQGIHUWLOL]HG7RDFKLHYHIXOOFRYHUDJHRIJUHHQIDFDGHVWKHSODQWVVKRXOGWDNH
\HDUVWRJURZDOORYHUWKHIDFDGHV>@&OLPELQJSODQWVLQWKHXUEDQHQYLURQPHQWDUHPRVWRIWHQDVVRFLDWHGZLWKD
YHUWLFDOPDVVRIYLQHVILUPO\DGKHUHGWRDEXLOGLQJVXUIDFH
&OLPELQJSODQWVWKDWDUHDEOHWRXWLOL]HWKHIOXVKVXUIDFHRIDYHUWLFDOSODQHIRUWKHSXUSRVHVRIVXSSRUWLQJQHZDQG
H[LVWLQJJURZWKDUHUHIHUUHGWRDVVHOIFOLQJLQJ6HOIFOLQJLQJFOLPEHUVDUHSHUKDSVWKHHDVLHVWFOLPEHUVWRFXOWLYDWHLQ
IDFDGHJUHHQLQJ VFKHPHVEHFDXVH WKH\ UHTXLUH OHVV VXSSRUW WR HQVXUH WKHLU VSUHDG%XW WKHLU VXFNHU URRW VWUXFWXUH
HQDEOHV WKHP WR DWWDFK GLUHFWO\ WR DZDOO FRYHULQJ HQWLUH VXUIDFHV 7KHVH DJJUHVVLYH SODQWV VXFK DV ,Y\ODFH FDQ
9HUWLFDO*DUGHQ
*UHHQ)DFDGHV *UHHQ/LYLQJ:DOOV
0RGXODU7UHOOLV3DQHO
6\VWHP
&DEOHDQG:LUHURSH6\VWHP
0RGXODU/LYLQJ:DOO6\VWHP
9HJHWDWHG0DW:DOO6\VWHP
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GDPDJHXQVXLWDEOHZDOOVRUSRVHGLIILFXOWLHVZKHQWKHWLPHFRPHVWREXLOGLQJPDLQWHQDQFHDQGSODQWUHPRYDO)LJ
7HFKQRORJLFDOLQQRYDWLRQVLQ(XURSHDQG1RUWK$PHULFDKDYHUHVXOWHGLQWKHGHYHORSPHQWRIQHZWUHOOLVHVULJLG
SDQHOVDQGFDEOHV\VWHPVWRVXSSRUWYLQHVZKLOHNHHSLQJWKHPDZD\IURPZDOOVDQGRWKHUEXLOGLQJVXUIDFHV7ZR
JUHHQ IDFDGH V\VWHPV WKDW DUH IUHTXHQWO\ XVHG DUH0RGXODU7UHOOLV 3DQHO DQG&DEOH DQG:LUH5RSH1HW V\VWHPV
(DFKRIWKHVHV\VWHPVLVGHVFULEHGEHORZ

 
)LJ9HLQVDUHHQFURDFKLQJRQZLQGRZVOHIWDQGWKHUHPQDQWWUDFHVRIFOLPEHUVRQUHVLGHQFHVULJKW
2.1.1. Modular Trellis Panel System 
7KLV V\VWHP PDNHV DGYDQWDJHRXV XVH RI D XQLTXH WKUHHGLPHQVLRQDO GHVLJQ WKDW SURYLGHV QRW RQO\ WKH
KRUL]RQWDO DQG  YHUWLFDO VXSSRUWV QHFHVVDU\ IRU SODQW SURSDJDWLRQ EXW DOVR DQ HOHPHQW RI VWUXFWXUDO GHSWK WKDW
SURPRWHVJUHDWHUSODQWGHQVLW\DQGVXSSRUWE\HIIHFWLYHO\FDSWXULQJSODQWPDWHULDOZLWKLQLWVGLPHQVLRQV7KHWKUHH
GLPHQVLRQDOSDQHOPDGHIURPDSRZGHUFRDWHGJDOYDQL]HGDQGZHOGHGVWHHOZLUH WKDWVXSSRUWVSODQWVZLWKERWKD
IDFHJULGDQGDSDQHOGHSWK)LJ(DFKPRGXODUXQLWVL]HGDWDVWDQGDUGZLGWKRIIWDQGD OHQJWKZKLFKFDQ
UDQJH IURP  IW ZLWK FXVWRP VL]HV DYDLODEOH LQ  LQ LQFUHPHQWV XS WR  [  IW SHU XQLW LV FRPSULVHG RI D
UHFWDQJXODU WUHOOLV SDQHO RIIVHW IURP D VHFRQGDU\ YHUWLFDO OD\HU E\ D VHULHV RI VXSSOHPHQWDU\ GLDJRQDO FOLPELQJ
VXSSRUWVZKLFKWKUHDGWKHPVHOYHVXSZDUGVWKURXJKKRUL]RQWDOPHPEHUV>@
3DQHOVFDQEHVWDFNHGDQGMRLQHGWRFRYHUODUJHDUHDVRUIRUPHGWRFUHDWHVKDSHVDQGFXUYHVDUHPDGHIURPUHF\FOHG
FRQWHQWVWHHODQGDUHUHF\FODEOH%HFDXVHWKHSDQHOVDUHULJLGWKH\FDQVSDQEHWZHHQVWUXFWXUHVDQGFDQDOVREHXVHG
IRU IUHHVWDQGLQJJUHHQZDOOV7KHZLUH WUXVV FRQILJXUDWLRQPD\EHXVHG DV D IUHHVWDQGLQJ IHQFH VSDQQLQJYHUWLFDO
VWUXFWXUDOPHPEHUVVXFKDVSRVWVRUFROXPQV)LJWKXVRSHUDWLQJDVDYHJHWDWHGSULYDF\VFUHHQRUVKDGHHOHPHQW
RQFHSODQWVKDYHEHHQDOORZHGWRIXOO\LQILOWUDWHLWVVWUXFWXUH

 
)LJ0RGXODUZDOOKXQJWUHOOLVOHIWDQG0RGXODUWUHOOLVSDQHOULJKW

 
)LJ)UHHVWDQGLQJIHQFHPRXQWHGXSRQWUHOOLVFROXPQVXSSRUWV
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2.1.2. Cable and Wire-Rope System 
,W XVHV HLWKHU FDEOHV DQGRU ZLUHURSH QHW &DEOHV DUH XVXDOO\ GHVLJQHG IRU IDVWHU JURZLQJ FOLPELQJ SODQWV
ZKHUHDVZLUHURSHQHWVDUHXVHGIRUVXSSRUWLQJVORZHUJURZLQJSODQWV WKDWQHHGVXSSRUWDWFORVHU LQWHUYDOV7KRVH
V\VWHPVXVHKLJKWHQVLOHVWHHOFDEOHVDQFKRUVDQGVXSSOHPHQWDU\HTXLSPHQW)LJ$QGPDQ\GLIIHUHQWVL]HVDQG
SDWWHUQVFDQEHXVHGDVIOH[LEOHYHUWLFDODQGKRUL]RQWDOZLUHURSHVWRJLYHYDULDEOHVKDSHVZKLFKHQDEOHWKHGHVLJQHU
WRFUHDWHYDULRXVSDWWHUQVWKURXJKFURVVFODPSV>@

 
)LJ&DEOHDV\VWHPOHIWDQG:LUHURSHV\VWHPULJKW

2.2. Green Living Walls 
&RQVWUXFWHGIURPYHJHWDWHGSDQHOVYHUWLFDOPRGXOHVRUSODQWHGEODQNHWVWKDWDUHIL[HGWRVWUXFWXUDOIUDPHZRUNRU
WRDZDOO)LJ*UHHQ/LYLQJ:DOOVDUHPDGHIURPVWHHOIUDPHZRUNSODVWLFH[SDQGHGSRO\VW\UHQHDQGV\QWKHWLF
IDEULF WRVXSSRUWDYDULHW\RIGLYHUVLW\DQGGHQVLW\RISODQWVSHFLHV/LYLQJZDOOVDOVRFDOOHGELRZDOOVDUH WHQG WR
UHTXLUHPRUHPDLQWHQDQFHVXFKDVIHUWLOL]HUDQGZDWHU WKDQJUHHQIDFDGHV\VWHPVWKDWDUHSODQWHGLQWRWKHJURXQG
/LYLQJ:DOOVDUHPDGHZLWKWKUHHSDUWVDPHWDOIUDPHD39&OD\HUDQGDQDLUOD\HUGRQRWQHHGVRLO*HQHUDOO\LV
XVHGVHOIDXWRPDWHGZDWHULQJDQGQXWULWLRQV\VWHPWRPDNHPDLQWHQDQFHRIWKHOLYLQJZDOOVHDV\>@>@

 
)LJ*UHHQOLYLQJZDOOV
2.2.1. Modular Green Living Wall  System 
0RGXODU*UHHQ:DOOV FRQVLVW RI SDQHOV WKDW KROG JURZLQJPHGLD WR VXSSRUW WKH SODQWPDWHULDO ,W KDV XVXDOO\
JURZQEHIRUHSURYLGLQJDQ LQVWDQWHIIHFWDIWHU LQVWDOODWLRQ0RGXODU*UHHQ/LYLQJ:DOOVDOVR UHTXLUH LUULJDWLRQDW
GLIIHUHQW OHYHOVDORQJ WKHZDOOXVLQJJUDYLW\ WRPRYH WKHZDWHU WKURXJKWKHJURZLQJPHGLDVLPLODUO\QXWULHQWDQG
IHUWLOL]LQJLVFDUULHGRXWWKURXJKWKLVPHWKRG)LJ0RGXODUV\VWHPVDUHRIWHQJURZQEHIRUHSURYLGLQJDQ
LQVWDQW

JUHHQHIIHFWXSRQFRPSOHWLRQRIWKHLQVWDOODWLRQ1RWLFHRIEHWZHHQPRQWKVPD\EHUHTXLUHGWRVHFXUHJURZQ
PRGXODUV\VWHPV)LJ
0RGXODU JUHHQ OLYLQJZDOO V\VWHP FDQ WDNH VHYHUDO IRUPV IRU H[DPSOH WUD\V YHVVHOV SODQWHU WLOHV RU IOH[LEOH
EDJV UHTXLULQJ D GLIIHUHQW VWUXFWXUH ,W LV XVXDOO\ FRPSRVHG RI VHYHUDO LQWHUORFNHG SDUWV PDGH RI OLJKWZHLJKW
PDWHULDOVDVSODVWLFIRUH[DPSOHSRO\SURS\OHQHRUSRO\HWK\OHQHRUPHWDOVKHHWIRUH[DPSOHDOXPLQXPJDOYDQL]HG
VWHHORUVWDLQOHVVVWHHO0RGXODUOLYLQJZDOOV\VWHPVXVXDOO\LQFOXGHDIUDPHWRKROGWKHHOHPHQWVDQGDVXSSRUWIRU
SODQWV>@>@
123 Ebtesam M. Elgizawy /  Procedia Environmental Sciences  34 ( 2016 )  119 – 130 
 
)LJ0RGXODUJUHHQOLYLQJZDOO
 
)LJ0RGXODUJUHHQOLYLQJZDOOZKLFKDUHJURZQEHIRUHXVLQJLQVLJKWV
2.2.2. Vegetated Mat Walls System 
7KLVV\VWHPSLRQHHUHGE\3DWULFN%ODQFLVFRPSRVHGRIWZROD\HUVRIV\QWKHWLFIDEULFZLWKSRFNHWVILOOHGZLWK
WKH SODQWV DQG JURZLQJ PHGLD 7KH IDEULF ZDOOV DUH VXSSRUWHG RQ D IUDPHZRUN DQG EDFNHG E\ D ZDWHUSURRI
PHPEUDQHDJDLQVWWKHEXLOGLQJZDOO1XWULHQWVDQG:DWHUDUHGHOLYHUHGWKURXJKDQLUULJDWLRQV\VWHPDWWKHWRSRIWKH
ZDOO>@
$Q 
DFWLYH
 OLYLQJZDOO LV LQWHQGHG WR EH LQWHJUDWHG LQWR D EXLOGLQJ
V LQIUDVWUXFWXUH$QG GHVLJQHG IRU ELR ILOWHU
LQGRRUDLUDQGSURYLGHWKHUPDOUHJXODWLRQ,WLVDK\GURSRQLFV\VWHPIHGE\QXWULHQWULFKZDWHUZKLFKLVUHFLUFXODWHG
IURPDPDQLIROGORFDWHGDWWKHWRSRIWKHZDOODQGFROOHFWHGLQDJXWWHUDWWKHERWWRPRIWKHIDEULFZDOOV\VWHP
3ODQWURRWVDUHVDQGZLFKHGEHWZHHQWZROD\HUVRIV\QWKHWLFIDEULFWKDWVXSSRUWPLFUREHVDQGDGHQVHURRWPDVV
7KHVH URRW PLFUREHV UHPRYH DLUERUQH YRODWLOH RUJDQLF FRPSRXQGV ZKLOH IROLDJH DEVRUEV FDUERQ PRQR[LGH DQG
GLR[LGH7KHSODQWV
 QDWXUDO SURFHVVHVSURGXFH FRRO IUHVK DLU WKDW LV GUDZQ WKURXJK WKH V\VWHPE\ D IDQ DQG WKHQ
GLVWULEXWHGWKURXJKRXWWKHEXLOGLQJ$YDULDWLRQRIWKLVFRQFHSWFRXOGEHDSSOLHGWRJUHHQIDFDGHV\VWHPVDVZHOODQG
WKHUHLVSRWHQWLDOWRDSSO\DK\EULGRIV\VWHPVDWDODUJHVFDOH)LJ

 
)LJ9HJHWDWHGPDWZDOOVV\VWHP

7KHJUHHQLQJV\VWHPVDQGLWVUROHRIWKHHQYLURQPHQWDOEXUGHQ
7KHPRVWFULWLFDOFKDQJHVLQWKHZRUOGRYHUWKHODVWFHQWXU\KDYHEHHQGHULYHGIURPWKHYDULHW\RIHQYLURQPHQWDO
SUREOHPV /RWV RI HQYLURQPHQWDO FULVLV KDV DULVHQ IURP GHVLJQ SUREOHPV 7KH SUHVHQW IRUPV RI HYHU\WKLQJ LQ WKH
ZRUOGKDYHEHHQGHULYHG IURPGHVLJQ8QIRUWXQDWHO\ LQPDQ\SDVW VLWXDWLRQVHQYLURQPHQWDO HIIHFWVZHUH LJQRUHG
GXULQJWKHGHVLJQVWDJH
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,Q UHFHQW GHFDGHV HFRORJLFDO GHVLJQ KDV EHHQ DSSOLHG WR DQ LQFUHDVLQJO\ GLYHUVH UDQJH RI WHFKQRORJLHV DQG
LQQRYDWLYH VROXWLRQV IRU WKHPDQDJHPHQWRI UHVRXUFHV(FRORJLFDO WHFKQRORJLHVKDYHEHHQFUHDWHG IRU DUFKLWHFWXUH
DQGODQGVFDSHGHVLJQDQGLQWKHILHOGRIHQYLURQPHQWDOSURWHFWLRQDQGUHVWRUDWLRQ>@
,QWKLVFRQWH[WODQGVFDSHGHVLJQKDVDFUXFLDOUROHWRSOD\LQDFKLHYLQJHFRORJLFDOVXVWDLQDELOLW\DQGWRSURYLGH
VROXWLRQV IRU HQYLURQPHQWDO SUREOHPV$V D UHVXOW RI WUHQG IDYRULQJ HFRORJLFDO SHUVSHFWLYHV LQ GHVLJQ VLJQLILFDQW
FKDQJHV KDYH RFFXUUHG LQ WKH ODQGVFDSH DUFKLWHFWXUH SURIHVVLRQ LQ UHFHQW \HDUV WKURXJK WKH PRYH WR LQWHJUDWH
HFRORJLFDO SHUVSHFWLYHV >@ >@ 2QH RI WKHVH VLJQLILFDQW FKDQJHV LV WKH FXUUHQW WHFKQRORJ\ IRU JUHHQLQJ WKH
EXLOGLQJHQYHORSH
*UHHQLQJV\VWHPVDVJUHHQIDFDGHVDQGJUHHQOLYLQJZDOOVZKLFKWKLVSDSHUH[SODLQHGEHIRUHDUHIUHTXHQWO\XVHG
DVDQDHVWKHWLFIHDWXUHLQWKHEXLOGLQJ+RZHYHUWKHFXUUHQWWHFKQRORJ\LQYROYHGLQWKHVHV\VWHPVFDQSURYLGHEHWWHU
SHUIRUPDQFHLQDOOEXLOGLQJSKDVHVDQGPDNHSDUWRIDQHFRORJLFDOVXVWDLQDEOHVWUDWHJ\RIXUEDQUHKDELOLWDWLRQ
,QWKLVSDUWRIWKHSDSHUWKHGLIIHUHQFHVEHWZHHQV\VWHPVZLOOEHGLVFXVVHGWRFKRRVHWKHPRVWHIIHFWLYHV\VWHPRQ
WKHHQYLURQPHQWDOLPSDFWRILWVFRPSRQHQWVDQGDVVRFLDWHGFRVWVGXULQJLWVHQWLUHOLIHF\FOH6HYHUDOVWXGLHVVKRZHG
WKDWJUHHQIDFDGHVDUHDPRUHVXVWDLQDEOHDQGHFRQRPLFDOVROXWLRQ>@7KHVHV\VWHPVKDYHDVPDOOHQYLURQPHQWDO
EXUGHQFRQVLGHULQJWKDWWKH\KDYHQRPDWHULDOVLQYROYHGDQGKDYHORZPDLQWHQDQFHQHHGV2QWKHRWKHUKDQGJUHHQ
OLYLQJZDOOV\VWHPVIUHTXHQWO\XVHPDWHULDOVZLWKKLJKHQYLURQPHQWDOLPSDFW
5HFHQWVWXGLHVSURYHWKDWVRPHV\VWHPVFDQKDYHDUHGXFHGHQYLURQPHQWDOEXUGHQE\FRQWULEXWLQJWRWKHWKHUPDO
UHVLVWDQFHRI WKHZDOO OHDGLQJ WR UHGXFWLRQ LQHQHUJ\GHPDQGIRUKHDWLQJDQGFRROLQJ>@7KHFRVWRIJUHHQZDOO
V\VWHPVFDQDOVREHDYDULDEOHZLWKVLJQLILFDQWLPSDFWRQWKHVHOHFWLRQSURFHVV*UHHQOLYLQJZDOOV\VWHPVDUHPRUH
H[SHQVLYHZKHQFRPSDUHG WRJUHHQ IDFDGHV\VWHPV7KHPRGXODU WUHOOLVDQGZLUHURSHV\VWHPVFDQFRVW OHVV WKDQ
¼P>@
*UHHQ)DFDGHVDQGLWVHFRORJLFDOLPSDFWV
*UHHQ)DFDGHVKDYHDJUHDWSRWHQWLDOIRUSRVLWLYHHQYLURQPHQWDOFKDQJHLQGHQVHXUEDQDUHDVSDUWLFXODUO\JLYHQ
WKH ODUJH VXUIDFH DUHDV RQ EXLOGLQJV WKDW DUH DYDLODEOH IRU UHWURILWWLQJ WR WKHVH WHFKQRORJLHV 7KH HFRORJLFDO DQG
HQYLURQPHQWDO LPSDFWV DFFUXHGE\ DYHUWLFDO JDUGHQRU D JUHHQ IDFDGHGHSHQGRQGHVLJQ IDFWRUV WKDW LQFOXGH OHDI
DUHDOHDIGHQVLW\VLWHFRQGLWLRQVDQGWKHVFDOHRIWKHSURMHFW6RPHLPSDFWVDUHVKDUHGE\DOPRVWDOOJUHHQIDFDGHV
DQG WKHVWXG\IRFXVHGRQ LWZKLOHRWKHUVDUHDIXQFWLRQRI WKHSDUWLFXODUGHVLJQFOLHQWREMHFWLYHVDQGLW
VQRWEHHQ
GLVFXVVHG
4.1. Biodiversity and Habitat Protection 
4.1.1.  Increase Biodiversity 
7KHXVHRIJUHHQIDFDGHVWRVXSSRUWELRGLYHUVLW\LVEHLQJH[SORUHGDQGFXUUHQWUHVHDUFKRQWKHDELOLWLHVRIJUHHQ
IDFDGHV\VWHPVWRSURYLGHWKLVLPSDFWLVVFDUFH/DUJHVFDOHJUHHQZDOOSURMHFWVKDYHEHHQFUHDWHGXVLQJLQGLJHQRXV
QDWLYH SODQW VSHFLHV DQG FUHDWH KDELWDW DV XUEDQ UHIRUHVWDWLRQ ,Q1RUWK$PHULFD D SLRQHHULQJ SURJUDP KDV EHHQ
GHYHORSHGWRFUHDWHFRUULGRUVRIKDELWDWIRUPLJUDWRU\VSHFLHVDQGWKHSRWHQWLDOIRUXWLOL]LQJJUHHQIDFDGHVDUHEHLQJ
H[SORUHG %\ VXSSRUWLQJ QDWLYH SODQW JURZWK DQG FUHDWLQJ QHFHVVDU\ KDELWDW SDUWLFLSDQWV DQG VLWH ORFDWLRQV FDQ
EHFRPHFHUWLILHGLQWRWKLVQXUWXULQJSURJUDP>@
7KH GHVLJQ RI JUHHQ IDFDGHV IRU ELRGLYHUVLW\ RU HFRORJLFDO UHVWRUDWLRQ UHTXLUHV WKDW WKH GHVLJQHUV RU WKHLU
FRQVXOWDQWVKDYHDQ LQWLPDWHNQRZOHGJHRI WKHUHTXLUHPHQWVRI WKHSODQWV LQ WKHUHJLRQZKHUH WKHSURMHFW LVEHLQJ
LPSOHPHQWHGDVZHOODVWKHVSHFLILFQHHGVRIWKHYDULRXVIDXQD
4.1.2.  Provide Ecological habitat 
1DWXUDOKDELWDWVDUHGLVDSSHDULQJDWDQDODUPLQJUDWHDQGKDELWDWORVVLVWKHQXPEHURQHWKUHDWWRZLOGOLIHWRGD\
*UHHQIDFDGHVDUHSDUWRIWKHVROXWLRQWRKHOSUHVWRUHZLOGOLIHKDELWDWV%\FDUHIXOO\FKRRVLQJDQGSODQWLQJDWWUDFWLYH
SODQWVSHFLHVDJUHHQIDFDGHZLOODWWUDFWELUGVDQGEXWWHUIOLHV6RPHFOLPELQJSODQWVVXFKDV&OLPELQJ+\GUDQJHDD
SHUHQQLDODQG0RUQLQJ*ORU\DQDQQXDODUHNQRZQWRDWWUDFWEXWWHUIOLHVEHHVDQGKXPPLQJELUGV*UHHQIDFDGHV
FDQ SURYLGH ZDWHU IRRG VRXUFHV SURWHFWLRQ DQG SODFHV WR EHDU DQG UDLVH RIIVSULQJ >@ >@ 'HVLJQHUV DUH
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HQFRXUDJHGDORQJZLWKZLOOLQJFOLHQWVWRH[SORUHWKHVHRSSRUWXQLWLHVDQGWRH[SDQGWKHDYDLODEOHNQRZOHGJHLQWKLV
VSHFLDOL]HGDUHD
4.2. The Urban Heat Island 
4.2.1.  Mitigate the Urban Heat Island 
7KH WHPSHUDWXUH LQFUHDVHV LQ XUEDQ DUHDV FDXVHG E\ WKH UHSODFHPHQW RI QDWXUDO YHJHWDWLRQ ZLWK SDYHPHQWV
EXLOGLQJVDQGRWKHUVWUXFWXUHVQHFHVVDU\ WRDFFRPPRGDWHJURZLQJSRSXODWLRQV7KLVUHVXOWV LQ WKHFRQYHUVLRQRI
VXQOLJKWWRKHDW$QXUEDQKHDWLVODQGLVDPHWURSROLWDQDUHDZKLFKLVVLJQLILFDQWO\ZDUPHUWKDQLWVVXUURXQGLQJUXUDO
DUHD )LJ  HVSHFLDOO\ LQ WKH ODWH DIWHUQRRQV DQG QLJKWV RI ZLQWHU VHDVRQ 7R DYRLG FRQIXVLRQ ZLWK JOREDO
ZDUPLQJVFLHQWLVWVFDOOWKLVSKHQRPHQRQWKH8UEDQ+HDW,VODQG(IIHFW´7KHUHDUHVHYHUDOUHDVRQVWKDWPD\H[SODLQ
WKH+HDW,VODQG(IIHFWEXWWKHPDLQUHDVRQLVWKHH[FHVVLYHXUEDQGHYHORSPHQW*UHHQIDFDGHVDUHE\IDUWKHPRVW
SRSXODU ZD\ RI FRROLQJ WKH FLW\ 9HJHWDWLRQ FRROV EXLOGLQJV DQG WKH VXUURXQGLQJ DUHD WKURXJK WKH SURFHVVHV RI
VKDGLQJUHGXFLQJUHIOHFWHGKHDWDQGHYDSRUDWLRQ>@>@


)LJ8UEDQ+HDW,VODQG3URILOH
4.2.2.  Regulate microclimate and temperature 
9HJHWDWLRQRQZDOOVFDQDVVLVWLQFRROLQJEXLOGLQJVLQVXPPHUDQGLQVXODWLQJWKHPLQZLQWHU,QZLQWHUHYHUJUHHQ
VSHFLHVRIIHUDGHJUHHRILQVXODWLRQE\WUDSSLQJDOD\HURIDLUDJDLQVWWKHIDFDGHDQGUHGXFLQJFRQYHFWLRQDOKHDWORVV
$Q LQVXODWLQJHIIHFWRIXS WRSHUFHQWKDVEHHQ UHFRUGHG DOWKRXJK VXFK DKLJKSHUFHQWDJH LVRQO\ OLNHO\ZKHQ
WHPSHUDWXUHVIDOOFORVHWRIUHH]LQJ
'XULQJ WKH VXPPHU KRWZDOOV FDXVH WHPSHUDWXUHV WR ULVH LQVLGH EXLOGLQJV*UHHQ IDFDGHV FDQ UHGXFH WKHZDOO
WHPSHUDWXUHDVPXFKDV)DKUHQKHLWGHJUHHVZKLFKUHVXOWVLQVLJQLILFDQWDLUFRQGLWLRQLQJ$VWXG\LQ7RN\RZDV
GLVFRYHUHGWKDW*UHHQ:DOOSDQHOVUHGXFHWKHZDOOWHPSHUDWXUHE\&HOVLXVGHJUHHVVDYLQJV>@
4.3. Storm water management 
4.3.1.  Conserves water 
2QHRIWKHELJJHVWLPSDFWVRI*UHHQIDFDGHLVKRZWKH\PDQDJHZDWHU)RUVWDUWHUVZDWHULQJLVYHU\HIILFLHQWDVLW
LVGRQHXVLQJDGULSLUULJDWLRQV\VWHPRUDK\GURSRQLFV\VWHP)LJ$Q\ZDVWHZDWHULVFROOHFWHGDWWKHERWWRP
RIWKHJDUGHQLQDVSHFLDOWUD\ZKHUHLWLVGUDLQHGDZD\$OWHUQDWLYHO\LWFDQEHUHF\FOHGDQGSXWEDFNRQWKHJDUGHQ
7KLVPHDQVWKDWSUDFWLFDOO\DOOWKHZDWHULVXVHGXSE\WKHSODQWVDQGWKHUHLVYHU\OLWWOHZDVWH7KHUHLVDOVRQR
UXQRIILQWRVWRUPZDWHUV\VWHPVVRQDWXUDOZDWHUZD\VDUHQRWDIIHFWHGE\SROOXWDQWVWKDWFDQEHIRXQGLQVWRUPZDWHU
RUZDVWHZDWHU>@
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
)LJ&RQVHUYHZDWHUE\JUHHQLQJV\VWHP

4.4. Air Quality 
4.4.1.  Improve exterior air quality 
(OHYDWHGWHPSHUDWXUHVLQPRGHUQXUEDQHQYLURQPHQWVZLWKLQFUHDVLQJQXPEHUVRIYHKLFOHVDLUFRQGLWLRQHUVDQG
LQGXVWULDO HPLVVLRQV KDYH OHG WR D ULVH LQ QLWURJHQ R[LGHV VFXOSWXUH R[LGHV YRODWLOH RUJDQLF FRPSRXQGV FDUERQ
PRQR[LGH DQG SDUWLFXODWHPDWWHU*UHHQ IDFDGHV RU*UHHQ:DOOV FDQ FDSWXUH DLUERUQH SROOXWDQWV DQG DWPRVSKHULF
GHSRVLWLRQ RQ OHDI VXUIDFHV $QG LW FDQ ILOWHU QR[LRXV JDVHV DQG SDUWLFXODWH PDWWHU $ VWXG\ VKRZV WKDW
$SSUR[LPDWHO\ VTXDUH IRRWRIYHJHWDWHGZDOODUHDZLOO ILOWHU WKHDLU IRUDSSUR[LPDWHO\VTXDUH IHHWRIRIILFH
DUHD&RQVLGHUHGLQDYHU\JHQHUDOVHQVHSODQWLQJRQHZDOORIDQ\EXLOGLQJZKLFKVLWXDWHGEXLOGLQJVRQWKHVWUHHW
LVHTXDOWRSODQWWUHHVRQWKLVVWUHHW>@>@
4.4.2. Improve  interior air quality 
)RULQWHULRUSURMHFWVJUHHQZDOOVDUHDEOHWRILOWHUFRQWDPLQDWHVWKDWDUHUHJXODUO\IOXVKHGRXWRIEXLOGLQJVWKURXJK
WUDGLWLRQDO YHQWLODWLRQ V\VWHPV 7KH ILOWUDWLRQ LV SHUIRUPHG E\ SODQWV DQG LQ WKH FDVH RI ELRILOWUDWLRQ PLFUR
RUJDQLVPV*UHHQIDFDGHFDQFDSWXUHDLUERUQHSROOXWDQWVVXFKDVGXVWDQGSROOHQ$QGLW ILOWHUVQR[LRXVJDVHVDQG
YRODWLOHRUJDQLFFRPSRXQGVIRUPFDUSHWVIXUQLWXUHDQGRWKHUEXLOGLQJHOHPHQWV>@
4.5. Noise Reduction 
*UHHQIDFDGHVKDYHDYRLFHDEVRUSWLRQIHDWXUHE\WKHLUVRLODQGSODQWVZKLFKXVHGIRUSODQWLQJ)RU WKLVUHDVRQ
WKH\SHUIRUPWRGHFUHDVHYRLFHIXQFWLRQZKLFKKDSSHQHGERWKLQWKHEXLOGLQJDQGLWVFORVHDUHD*UHHQ:DOOVSURYLGH
D QRLVH EXIIHUZKLFK VLJQLILFDQWO\ UHGXFHV RXWVLGH QRLVH DQG YLEUDWLRQ XS WR  GHFLEHOV LQVLGH RXU KRPHV DQG
ZRUNSODFHV$VPDOOLQGRRUKHGJHSODFHGDURXQGDZRUNVSDFHZLOOUHGXFHQRLVHE\GHFLEHOV>@
7KHJURZLQJPHGLD LQJUHHQLQJV\VWHPVZLOOFRQWULEXWH WRDUHGXFWLRQRIVRXQG OHYHOV WKDW WUDQVPLW WKURXJKRU
UHIOHFW IURP WKH JUHHQ IDFDGH V\VWHPV )LJ  )DFWRUV WKDW LQIOXHQFH QRLVH UHGXFWLRQ LQFOXGH WKH GHSWK RI WKH
JURZLQJPHGLDWKHPDWHULDOVXVHGDVVWUXFWXUDOFRPSRQHQWVRIWKHJUHHQIDFDGHV\VWHPVDQGWKHRYHUDOOFRYHUDJH
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
)LJ*UHHQLQJV\VWHPIRUUHGXFLQJYRLFHOHYHO
&DVHVWXG\RIDSSOLFDWLRQ*UHHQIDFDGHVV\VWHPVLQ(J\SW
7KHIROORZLQJFDVHVWXG\JLYHVVRPHLQGLFDWLRQRIXVLQJ*UHHQIDFDGHVLQ(J\SWDQGVKRZVLWVSRVLWLYHHFRORJLFDO
LPSDFWV$QGWKHUHDUHPDQ\GLIIHUHQWW\SHVRIDSSOLFDWLRQVGHVFULSWLRQVRIWKHGHVLJQJRDOVDQGDQRYHUYLHZRIWKH
SURMHFWVROXWLRQV>@
62/$5'81(612=+$1(:&$,52(*<37
&OLHQW$%5$-0,65
3URJUDP6HOI6XIILFLHQW$SDUWPHQWV
*UHHQ&HUWLILFDWLRQ/(('3ODWLQXP
/RFDO$UFKLWHFW.	$'HVLJQ
,QWHUQDWLRQDO$UFKLWHFW9LQFHQW$UFKLWHFWXUHV3DULV

5.1. Project Philosophy 
7KLVSURMHFWLQVSLUHGE\WKHORFDOFXOWXUHDLPVWRSURSRVHDQHZHFRUHVSRQVLEOHODQGPDUNWKDWZLOOIDVWWUDFN
WKHFLW\RI&DLURWRDVXVWDLQDEOHIXWXUH,QGHHGE\WKHUHVSHFWRIELRFOLPDWHUXOHVE\WKHLQWHJUDWLRQRIUHQHZDEOH
HQHUJLHVDQGE\WKHUHSDWULDWLRQRIWKH1DWXUHWKHGHVLJQSURSRVDOVZLOOIXOILOOWKHJUHHQDUFKLWHFWXUHUHTXLUHPHQWV
RIWKH(J\SWLDQ*UHHQ%XLOGLQJ&RXQFLO7KHFRQFHSWLVWRFUHDWHDFLW\LQWKHFLW\E\WKHFRQVWUXFWLRQRIEXLOGLQJV
VKDSHGDVGXQHVOLQNHGWRJHWKHUE\DJUHDW0$6+5$%,<$DVVXPLQJWKHLQWLPDF\)LJWKHFRQILGHQWLDOLW\DQG
WKHTXLHWXGHRIWKHIDPLOLHVFRPSDUHGWRWKHQRLV\VWUHHWVWKDWVXUURXQGWKHVLWHDQGWRWKHJUHHQFHQWUDOFRXUW\DUG

 
)LJ6RODU'XQHV3URMHFW12=+$1(:&$,52(*<37
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5.2. Green architecture features 
7KHFRQFHSWRIWKLVXUEDQRDVLVGHSHQGVRQWKHJUHHQIDFDGHVDPRQJRWKHUJUHHQDUFKLWHFWXUDOIHDWXUHVWRGHYHORS
WKHLQWHJUDWLRQRILWVZDOORISHULSKHUDOIRUWLILFDWLRQWRXQLI\LWVDUFKLWHFWXUDOHQWLWLHVDQGIXOILOWKHJUHHQDUFKLWHFWXUDO
UHTXLUHPHQWV7KH6RODU'XQHV3URMHFW LV DQ LQQRYDWLYHGHVLJQ LGHDRI*UHHQ%XLOGLQJZKLFK LV UHSUHVHQWLQJ WKH
FRPELQDWLRQRIJUHHQIDFDGHV VRODU URRIVDQG WKHUPDO WXEHV WRPHWDPRUSKRVH WKHFLW\ LQWRYHUWLFDOJUHHQGHQVH
DQGK\SHUFRQQHFWHGHFRV\VWHP
7KH URRIV RI WKHVH GXQHV DUH WUHDWHGXQGHU WKH VKDSHRI SODQWV FDVFDGHV WKDWZHOFRPH OX[XULRXV SODQWV RQ LWV
EDOFRQLHVDW OHYHOV WKDW IRUPWKHDUFKHGSURILOHVRQ WKHVLGHVRI WKHHLJKWEXLOGLQJV$OOEDOFRQLHVDUH WUDQVIRUPHG
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7KHHFRORJLFDODQGJUHHQDUFKLWHFWXUHPRYHPHQWLVEHFRPLQJHYHQPRUHLPSRUWDQWDVDUFKLWHFWVDQGGHYHORSHUV
VWULYHWRILQGZD\VRIFRQVWUXFWLQJDQGPDQDJLQJEXLOGLQJVLQDVXVWDLQDEOHDQGHQYLURQPHQWDOO\IULHQGO\IDVKLRQ
7KLVSDSHU LQWURGXFHGPDQ\ZD\V WR LQFRUSRUDWHSODQWV LQWREXLOGLQJVDV LQURRIYHUWLFDOZDOOVELRILOWHUVDQG
LQGRRU SRWWLQJ SODQWV$OO WKHVH SURYLVLRQV KDYH WKHLU RZQ W\SRORJ\ WHFKQRORJ\ RI LQVWDOODWLRQ DQGPDLQWHQDQFH
$OVRWKHSDSHUSUHVHQWHGPDQ\RSWLRQVIRUWKHJUHHQIDFDGHGHVLJQ,WFRXOGEHWKHFOLPELQJSODQWVRUWKHPRGXODU
SDQHOV
7KH VWXG\ VKRZHG WKDW JUHHQ IDFDGHV DUH D PRUH VXVWDLQDEOH DQG HFRQRPLFDO VROXWLRQ ,W KDV D VPDOO
HQYLURQPHQWDOEXUGHQFRQVLGHULQJWKDWWKH\KDYHQRPDWHULDOVLQYROYHGDQGKDYHORZPDLQWHQDQFHQHHGV
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PRUH WKDQ D GHFDGH GHPRQVWUDWLQJ D ORQJ UDQJH UHWXUQ RQ LQYHVWPHQW ,QVWDOODWLRQ WHFKQLTXHV DQG FRQVWUXFWLRQ
DGDSWDELOLW\ ZLOO FRQWLQXH WR LPSURYH DQG LQQRYDWLYH GHVLJQ DSSOLFDWLRQV ZLOO EH IXUWKHU DGYDQFHG DV GHVLJQHUV
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LQRXUFLWLHVLQWKH\HDUVWRFRPH*UHHQIDFDGHWHFKQRORJLHVSURYLGHDZLGHUDQJHRIRSWLRQVIRUGHVLJQHUVZKRDUH
LQWHUHVWHGLQXVLQJWKHEXLOGLQJHQYHORSHWRDFFRPSOLVKPXOWLSOHREMHFWLYHVDQGWRSURYLGHQHZIUHHVWDQGLQJGHVLJQ
IHDWXUHVRQWKHLQWHULRUDQGH[WHULRURIEXLOGLQJV
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WKHLQWHJUDWHGJUHHQDSSURDFKWRFLWLHV)XUWKHUPRUHWKHXVHRIJUHHQIDFDGHVZKLFKLIXVHGDORQJVLGHRWKHUJUHHQ
GHVLJQIHDWXUHVVWDQGVDEHWWHUFKDQFHRIEHLQJVXFFHVVIXODVRSSRVHGWREHLQJXVHGRQWKHLURZQ7KHLQWHJUDWHG
JUHHQDSSURDFKGHPDQGVDPXFKFORVHUFRRSHUDWLRQEHWZHHQDUFKLWHFWVHFRORJLVWVGHYHORSHUVDQGJUHHQSODQQHUV
WKDQ KDV VR IDU WDNHQ SODFH :LWKRXW WKDW SDUWQHUVKLS ± DQG WKH ZLOO WR FKDQJH WKLQJV ± XUEDQ JUHHQHU\ ULVNV
VWDJQDWLRQLQ LWVSUHVHQWUROHDVDVSRUDGLFDPHQLW\RUµFOLSRQ¶GHVLJQDFFHVVRU\:KLOH WKHJUHHQLQJRIEXLOGLQJV
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